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BACKGROUND 
 
• Physical barriers to atmospheric oxygen reaching the cornea during 
scleral lens wear include; lens thickness, minimal tear exchange and 
the presence of a thick post-lens tear layer (PLTL). 
 
• Despite these potential hypoxic factors there are few clinical reports 
of significant corneal oedema associated with modern scleral lens 
wear. 
 
• A limited number of older studies have quantified the corneal 
response following scleral lens wear reporting 5-8% swelling,1,2 while 
a more recent study found up to 4% corneal oedema following 3 h of 
lens wear (Dk of 100 and a 350 μm PLTL).3 
METHODS 
 
• 10 young (mean age 27 ± 5 years), healthy participants free from 
corneal or tear film abnormalities were recruited. 
 
• Scheimpflug imaging (Pentacam, Oculus) was captured before and 
immediately following 3 hours of monocular (left eye) miniscleral 
contact lens wear and 3 hours after lens removal to examine corneal 
recovery. 
 
• Miniscleral lenses worn were Irregular Corneal Design (ICD™ 16.5 
mm, Paragon Vision Sciences, USA) (Boston XO) with a Dk of 100 
and central thickness of 300 μm. 
 
• Corneal diurnal variations were accounted for by using baseline 
diurnal data obtained on a separate day without contact lens wear. 
RESULTS 
 
• Mean central corneal clearance of the lens was 403 ± 204 μm. 
 
• A small but significant amount of anterior corneal flattening was 
observed immediately following lens removal (overall mean -0.15 ± 
0.18 D, p < 0.001) primarily located in the superior corneal region (-
0.19 ± 0.20 D, p < 0.01) which had returned to baseline levels three 
hours after lens removal (Figure 1, Table 1). 
 
• Following the three hour recovery period, significant corneal thinning 
(-13.4 ± 10.5 μm) and posterior surface flattening (-0.22 ± 0.17 D) 
were observed during (p < 0.01) (Table 1). 
 
• The magnitude of posterior corneal flattening during recovery 
correlated with the amount of corneal thinning (r = 0.69, p = 0.03). 
 
• Central corneal clearance (maximum tear reservoir depth) was not 
associated with corneal swelling following lens removal (r = -0.24, p 
> 0.05). 
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Analysis 
area 
Time after  
removal (h) 
Corneal 
thickness (µm) 
Thickness 
change (%) 
Anterior axial 
curvature (mm) 
Posterior axial 
curvature (mm) 
Total 
0-6 mm 
diameter 
0 5.0 ± 17.9 +0.85 0.02 ± 0.03*** 0.01 ± 0.03 
3 -13.4 ± 10.5** -2.27 0.00 ± 0.02 0.03 ± 0.02** 
Central  
0-3 mm 
diameter 
0 4.6 ± 17.6 +0.82 0.02 ± 0.04* 0.01 ± 0.03 
3 -12.9 ± 10.3** -2.29 0.00 ± 0.02 0.03 ± 0.02** 
Peripheral  
3-6 mm 
annulus 
0 5.4 ± 19.2 +0.87 0.03 ± 0.02*** 0.00 ± 0.03 
3 -14.0 ± 10.8** -2.26 0.00 ± 0.02 0.02 ± 0.02** 
Table 1. Mean change in corneal parameters immediately (0 h) and 3 h 
following lens removal. Statistically significant changes from baseline 
measurements (*p < 0.05, ** p < 0.01, *** p < 0.001). A positive value 
represents corneal thickening or flattening, and a negative value represents 
thinning or steepening. 
Figure 1. Mean change in corneal (A) thickness (mm), (B) anterior curvature 
(mm) and (C) posterior curvature (mm) immediately following and 3 h after 
miniscleral lens removal relative to baseline (pre-lens wear). Note: diurnal 
fluctuations in corneal thickness and curvature have been accounted for. 
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DISCUSSION 
 
• Michaud et al4 proposed that a scleral lens with a Dk of 100, lens 
thickness of 300 μm and PLTL of 400 μm (similar to the lens 
characteristics in our study) would induce >4% corneal oedema. 
 
• However, <1% corneal swelling was observed following 3 h of lens 
wear in the participants in this study. This lower than predicted level3 
of swelling may be due to some tear exchange occurring beneath 
the lens. 
 
• While the superior cornea may be more prone to oxygen deprivation 
during contact lens wear due to the position of the upper eyelid, 
corneal swelling in this study appeared greatest inferiorly. 
 
• The significant corneal ‘de-swelling’ observed 3 h post lens removal 
may suggest the cornea was experiencing subclinical hypoxic 
stress.5,6 
 
• Changes in anterior corneal curvature were consistent with previous 
work examining full scleral lenses.2,7 
 
• The anterior corneal flattening observed along the vertical meridian 
was most likely due to forces associated with the interaction 
between the upper eyelid, the lens and the cornea. 
  
• Studies over longer wearing times in both healthy eyes and eyes 
with corneal pathology are required, since the oxygen dissolved in 
the post-lens tear layer would most likely dissipate after a longer 
period. 
CONCLUSIONS 
 
• A small amount of flattening of the anterior corneal surface occurs 
following short-term miniscleral contact lens wear. 
 
• ‘Rebound’ thinning and flattening of the posterior surface was 
evident following 3 hours recovery. 
 
• Modern high Dk miniscleral contact lenses, in conjunction with a 
moderate post-lens tear layer, do not induce clinically significant 
corneal oedema following three hours of lens wear, as predicted by 
recent theoretical modelling. 
